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INTRODUCTION
Lead is a highly toxic, naturally occurring metal found 
in small quantities in the earth’s soil and air. The lead 
content in soil primarily accumulates from lead-
based paint resulting from chipped old buildings 
mixing with the soil, industrial products, pesticide 
remnants, contaminated landfills, or from nearby 
factors. Additionally, even though emissions have 
been greatly reduced (Figure 1), atmospheric lead from 
automobiles burning leaded gasoline is still present 
and recirculating in the environment. Atmospheric lead 
tends to immobilize in the top layer of soil; therefore, 
plants with shallow roots are vulnerable to absorbing 
lead contamination originating from the atmosphere. 
Toxic metals left behind from these sources tend to get 
stored in the soil for a long period of time which greatly 
contributes to increased lead concentrations in urban 
areas. As a result, high lead levels have been found in 
trees and growing vegetation, primarily leafy vegetables, 
potatoes, and carrots (Laidlaw et al., 2005).
High lead levels have negative effects on both plants 
and humans. Lead is not considered to be an essential 
element for plants but it is very easily absorbed through 
various plant uptake methods. Lead accumulates in 
plants through root uptake as well as through the 
adherence of dust onto leaves (Finster et al., 2003). 
The most common order of lead content in plant 
organs is (from highest to lowest) roots, leaves, stem, 
inflorescence, and seeds (Cataldo et al., 1978). The ability 
for leaves to acquire heavy metals also differs with plant 
age; maximum concentrations can be found in senescing 
leaves and minimum concentrations in young leaves 
(Baker et al., 1989). Increased toxicity levels in plants 
restrain photosynthesis, cause stunted growth, alter 
mineral, nutrient, and water balance, and affect internal 
plant membrane structures (Sharma et al., 2005). Plants 
which have been exposed to lead experience a lower 
rate of photosynthesis since vital plant processes such 
as chlorophyll synthesis and electron transport become 
altered (Chapin et al., 1987). 
Lead also interferes with many human body processes 
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and hinders the development of the nervous and 
neurologic system. If consumed, fruits and vegetables 
grown in soils exposed to higher lead levels can pose 
serious health implications such as encephalopathy and 
a decrease in nerve conduction velocity (Gerberding, 
2005). Eating produce that has been exposed to naturally 
occurring low lead levels in soil can also cause adverse 
health effects. Once lead is absorbed by plants it cannot 
be removed by washing; “from a gardener’s viewpoint, 
lead contamination is forever” (Sharp et al., 2001). With 
this being said, long-term exposure to lead can cause 
neurological health alterations in young children since 
their undeveloped bodies make them more vulnerable 
to retaining lead (Laidlaw et al., 2005). In adults, heavy 
metal toxicity has been linked to serious central nervous 
system effects such as hypertension, elevated blood 
pressure levels, as well as Parkinson’s disease (Friis, 
2012).
Even though regulatory measures, such as the Illinois 
Lead Poisoning Prevention Act (2004), aimed at 
reducing the negative effects of lead have been put into 
place, increased lead concentration levels continue to 
be a serious environmental and human health hazard 
(Goyer, 1993). The overarching goal in this research was 
to analyze the relationship between the accumulation of 
lead in leaves and soil. If accumulation occurred mainly 
through the soil, one would have expected there to be 
a significant positive correlation between leaf and soil 
metal content.
To test these hypotheses, lead analyses were performed 
using an acid digestion method and an atomic absorption 
spectrometer. Samples for leaf and/or soil digestion were 
collected for three experiments. (1) Eight trees located 
near the intersection of Fullerton Parkway and Lake Shore 
Drive were sampled for lead content in leaves and soil 
(see map in Figure 2). It was predicted that there would 
be a higher lead concentration in the soil of those trees 
located near the road but the atmospheric concentrations 
experienced by the leaves would be relatively the same 
since cars no longer emit lead. (2) An increased number 
of soil samples in a gradient from Lake Shore Drive 
allowed one to re-examine a pattern found in the first 
soil experiment results that was marginally statistically 
significant. (3) Samples were taken from underneath the 
elevated train tracks on Altgeld, Webster and Oakdale 
streets to see if the tracks were a significant source of 
lead.
METHODS
To analyze the association of lead in leaves and soil 
(experiment 1), an open-vessel digestion procedure was 
followed (Rodushkin et al. and EPA Method 3050B). 
To test the efficacy of a methodology new to DePaul 
University, preliminary analysis was conducted on 
previously gathered leaf samples. For the first experiment, 
eight cotton wood trees, Populus deltoids, located near 
the intersection of Fullerton Parkway and Lake Shore 
Drive were tested for both leaf and soil lead content. Of 
these eight trees, four were located near Lake Shore Drive 
and four were located across the Lincoln Park Lagoon, 
further from Lake Shore Drive (see map in Figure 2 and 
Table 1). Overall, four individual leaf specimen samples 
were taken from the north, south, east and west sides of 
the tree (where available). To retest a potential pattern 
that was observed but not statistically significant in soil 
lead concentrations, the soil was re-sampled (experiment 
2) using four transects with four locations spaced at 
approximately 10, 40, 100 and 160 meters from Lake 
Shore Drive. The four transects were located 20 and 40 
meters north and south from Fullerton Avenue. 
The open vessel digestion procedure began by drying the 
leaves in an oven at 105°C for 24 hours and then grinding 
each leaf individually using a ball mill. A 2 gram ground 
up leaf sample was weighed into a Pyrex tube with 
10 mL trace-metal grade nitric acid (HNO3) which was 
used as an oxidizing agent and for the dissolution of 
metals. After 30 minutes, the mixture was placed into 
an open vessel digestion aluminum heating block (AIM 
600) which was heated steadily to 120°C with reflux 
for two hours. Once the samples were heated and then 
cooled to room temperature, the digest was diluted to 100 
mL volume with Milli-Q water and filtered through a 0.45 
Millipore filter. Samples were then run through an atomic 
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absorption spectrometer (Varian AA240FS) and machine 
software which produced a calibration curve based on 
prepared lead standards recorded concentration levels. 
Duplicate measurements were taken and all analyses 
were produced using duplicate means. Also, sample 
blanks (deionized water without digest) were processed 
like any of the samples used for digestion to detect for 
any sources of contamination. 
For the digestion of soil samples, a 1 gram sample was 
dried in the drying oven overnight at 105°C. Once cooled, 
10 mL of 1:1 nitric acid (HNO3) was added to the dried 
sample; the sample was covered with a watch glass and 
heated steadily with reflux to 95°C for 10-15 minutes. 
After the sample had cooled, 5 mL of concentrated nitric 
acid was added and the sample was heated once more 
at 95°C without boiling for two hours. Once the sample 
had cooled, 2 mL of deionized water and 3 mL of 30% 
nitric hydrogen peroxide (H2O2) was added to break up 
colloidal associations. Samples were refluxed and the 
acid-peroxide digest was heated at 95°C for two hours 
without boiling. After cooling, the digest was diluted to 
100 mL with deionized water and the particulates in the 
digestate were removed using a vacuum filter (0.45mm 
Millipore filter) and analyzed by an atomic absorption 
spectrometer, as described above.
Finally, samples were taken from steel train tracks near 
Altgeld, Webster and Oakdale (see map in Figure 3; for 
experiment 3). All samples were taken along streets 
perpendicular to the elevated tracks; two samples were 
obtained directly beneath the train tracks and two at 
each end of the block in both the east and west directions. 
Lead analysis for these soils was performed using the 
same acid digestion method and atomic absorption 
spectrometer as described above for the Fullerton 
Parkway and Lake Shore Drive soil samples. 
Significant differences between treatments were 
determined with standard t-tests. A linear correlation 
was performed to investigate the relationship between 
distance from Lake Shore Drive versus soil lead 
concentration and lead in leaves versus lead in soils. A 
threshold of p = 0.05 was set to determine significance. 
For graphical representation, standard errors were added 
to all the bar plots. All statistics were performed with 
Excel software. 
RESULTS
In the first experiment, leaf data showed no significant 
difference between samples collected near Lake Shore 
Drive and samples collected away from Lake Shore Drive 
(p = 0.07, Figure 4). Preliminary data showed that the 
blank, whose primary purpose was to detect any sources 
of contamination, was significantly lower than the leaf 
lead concentrations (data not shown), but in the first 
experiment leaf analysis, the blank was not significantly 
different from leaves. In addition, a final attempt at 
performing a leaf analysis showed a significantly higher 
blank than leaves (data not shown). First experimental 
soil data showed that there was a potential difference 
between soil samples taken near Lake Shore Drive and 
those taken across from the lagoon and that there was 
a significant difference between blanks compared to the 
two site locations. Soil lead concentrations appeared 
to be higher near Lake Shore Drive but this was not 
significant (p = 0.22, Figure 5). Based on the data, there 
was no significant correlation between leaves and 
soil (r2 = 0.04, Figure 6). In experiment 2, an increased 
number of soil data obtained from transect sampling 
near Lake Shore drive showed a significantly higher lead 
concentration near Lake Shore Drive, transect 1 (r2 = 0.37, 
Figure 7). Excluding the nearest measurements, there 
was no significant trend in the remaining three transect 
distances (r2 = 0.06 for the linear correlation). Data 
obtained from train track sampling showed significantly 
higher lead levels directly under the tracks (Figure 
8) in experiment 3. The soil lead levels found directly 
underneath the train tracks were greater than levels 
detected in the first experiment around the Lincoln Park 
Lagoon. Lead levels were significantly (p = 0.04) higher 
under the El tracks compared to locations on the same 
street that were within one block of the tracks.
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DISCUSSION
Leaf data showed that the current digestion methodology 
was not sensitive enough to identify significant 
differences in leaf lead concentrations. It is possible 
that soil is controlling leaf lead concentrations but the 
current methodology is not detecting it. Even though the 
absolute error bars were small, the hypothesis could not 
have been rejected nor could it have been said that there 
was no correlation because of the high blank values. If 
there was a correlation, the variations in leaf lead content 
would have been very small in an absolute sense and 
any effect would have been smaller than those detected 
in soil samples. One can attribute these high blank 
values to cross contamination in shared soil analysis 
equipment. Because soil lead levels can be a factor of 
100 higher than the observed leaf lead levels, the shared 
analysis equipment was problematic. 
Typically, lead levels are highest in urban areas in close 
proximity to busy streets; Lake Shore Drive is considered 
to be Chicago’s most famous road with heavy traffic 
flow. In the past, lead was added to gasoline in order to 
improve the performance of engines and after 50 years, 
scientific evidence made it clear that atmospheric lead 
from automobile emissions posed severe health effects 
and leaded gasoline was outlawed (Friis, 2007). Transect 
data supported the hypothesis that soils located near 
Lake Shore Drive had a higher lead concentration than 
those soils located across the lagoon. Similarly, data 
obtained from the El train track sampling also showed 
significantly higher lead levels directly under the tracks 
meaning that El trains were a significant source of lead 
production.  It was speculated that chipped paint from 
elevated tracks may be the source of the observed high 
lead levels. In summary, significantly higher lead levels 
were found near roadways and elevated train tracks. 
CONCLUSION
It is important to note that increased lead levels could 
impact the growing of fresh foods in gardens near 
roadways and elevated tracks. In particular this is 
important because two sources of environmental lead 
in urban areas are automobile emissions and lead based 
paint; both of which were outlawed in the 1970’s and 1980’s 
(cf. Figure 1). It is demonstrated here that Lake Shore 
Drive and the elevated tracks remain a significant source 
of elevated soil lead levels. It is now known that lead 
exposure is associated with serious health consequences 
such as lead poisoning and negative central nervous 
system effects. The Environmental Protection Agency 
(EPA) has identified 10 µg/dL in children and 25 µg/dL in 
adults as the blood level at which adverse health effects 
can be seen (Friis, 2007). Similarly, the EPA has identified 
400 ppm of lead in soil as the level at which contaminated 
agricultural garden soils pose a health risk (Friis, 2007), 
the measurements observed here exceeded this threshold 
near Lake Shore Drive and under the elevated tracks. It 
is recommend that any urban gardeners living near road 
networks with heavy traffic or near elevated train tracks 
analyze their soil to ensure that their garden has a strong 
and healthy foundation. 
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The historical leaded-petrol consumption for United States, France, Italy, 
United Kingdom and Germany (Reuer and Weiss, 2002).
FIGURE 1
	  
	  
Figure	  1.	  The	  historical	  leaded-­‐petrol	  consumption	  for	  United	  States,	  France,	  Italy,	  United	  Kingdom	  
and	  Germany	  (Reuer	  and	  Weiss,	  2002).	  
 
Locations of the 8 trees sampled in the first experiment. Pushpins 
indicate the exact locations of sampled trees and relative distance away 
from Lake Shore Drive and the Lincoln Park Lagoon.  
FIGURE 2
	  
	  
	  
Figure	  2.	  Locations	  of	  the	  8	  trees	  sampled	  in	  the	  first	  experiment.	  Pushpins	  indicate	  the	  exact	  
locations	  of	  sampled	  trees	  and	  relative	  distance	  away	  from	  Lake	  Shore	  Drive	  and	  the	  Lincoln	  Park	  
Lagoon.	  	  	  
 
Location of tree samples in the transect experiment. Pushpins indicate 
the relative distance away from Lake Shore Drive. Transects were labeled 
1-4 going away from Lake Shore Drive with yellow, blue, purple and green 
pushpins respectively.
FIGURE 3
	  
	  
Figure	  3.	  Location	  of	  tree	  samples	  in	  the	  transect	  experiment.	  Pushpins	  indicate	  the	  relative	  
distance	  away	  from	  Lake	  Shore	  Drive.	  Transects	  were	  labeled	  1-­‐4	  going	  away	  from	  Lake	  Shore	  
Drive	  with	  yellow,	  blue,	  purple	  and	  green	  pushpins	  respectively.	  
 
Leaf lead concentrations from the first experiment. There was no 
significant difference between the blanks and the two site locations. The 
two locations were not significantly different at the 5% confidence interval 
(p = 0.07).
FIGURE 4
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Lead levels in soil were significantly higher near Lake Shore Drive. 
Excluding the nearest measurements, there was no significant trend 
in the remaining three transect distances (r2 = 0.06 for the linear 
correlation).
FIGURE 7
 
Soil lead concentrations from the first experiment. There was a significant 
difference between blanks compared to the two site locations. The 
observed difference between the two site locations was only significant at 
the p = 0.22 confidence level.
FIGURE 5
 
The relationship between lead in soil and lead in leaves for each tree 
sampled. There was no significant correlation, but note that the variation 
in leaf lead levels is probably due to analytical error, but true differences 
in leaf lead concentrations.
FIGURE 6
 
Lead levels were significantly (p = 0.04) higher under the El tracks 
compared to locations on the same street that were within one block of 
the tracks.
FIGURE 8
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Tree Coordinates Discription
1 N 41.92625, W 87.63271 North of Fullerton, single 
Cottonwood tree with three trunks
2 N 41.92611, W 87.63268 Ref #1, closer to Fullerton
3 N 41.92682, W 87.63226 East side of canal, single  
Cottonwood tree with two trunks 
4 N 41.92725, W 87.632218 East side of canal, cluster of three 
Cottonwood trees 
5 N 41.92574, W 87.63189 Closest to South of Fullerton,  
East side of canal
6 N 41.92532, W 87.63150 Ref #5 
7 N 41.92494, W 87.63237 West side of canal, South of 
Fullerton, cluster of three 
Cottonwood trees
8 N 41.92501, W 87.632237 Ref #7, right next to sample 7
 
Coordinates and description of trees sampled in the first experiment and 
as numbered for the map in Figure 1.
TABLE 1
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